 ABSTRACT: Thermography is used to record the surface temperature information. The surface temperature information is an important clue to indicate the defects presented in the building because defects can always be found in those areas whose surface temperatures are different with their surrounding neighbors. The paper proposes an approach to analyze the surface temperature information according to comparing the data similarities between the interested regions and their surrounding neighbors. In doing so, the surface temperature information of the object can be clustered into several regions such that the temperature distribution in each region is homogenous such that the temperature changes can be identified and located from the clustered regions. The paper tries to employ image segmentation to segment the collected thermographs such that the potential defect locations can be narrowed down to those regions in which the changes of surface temperature are apparent. After the potential defect locations have been identified, different NDT methods (like Visual Inspection, Impact Testing, etc.) can be used to examine those locations instead of examining the whole building facades. From the experimental results, the proposed approach based on the image segmentation does offer a reliable way to determine the potential defects shown in the building.
Introduction
Monitoring the health conditions of buildings is a crucial step to extend the life cycles of buildings, especial for those aged buildings. Those aged buildings always contain lots of defects which will cause permanent damages to those buildings. There are several methods usually used to detect the defects of buildings. Non-destructive testing (NDT) methods are parts of them and have widely been employed to evaluate the aged buildings because of its reliability and effectiveness. NDT methods do not only permanently alter the inspected objects but also provide the defect information. In general, NDT methods can be classified into Visual inspection, Proof Load Test, Vibration Testing, Impact Testing, Ultrasonic NDT, Conductivity and Radar [1] .
Roughly, those developed NDT methods mentioned above are based on the physical or chemical characteristics of the building materials. For the aged buildings, it is difficult to fully examine the whole buildings, especially for all building facades. Sometimes, extra works need to be done before the NDT methods can be applied.
The paper tries to employ image segmentation to segment the collected thermographs such that the potential defect locations can be narrowed down to those regions in which the changes of surface temperature are apparent. Abdel-Qader and Huang proposed that the defects can be located by identifying those surface temperature changes with employing image processing, respectively [2] [3] . Image segmentation can group those pixels with similar surface temperature such that the given thermograph can be divided into few sub-regions, and the temperature distribution in each segmented sub-region is homogeneous. Once the potential defect locations have been identified, different NDT methods (like Visual Inspection, Impact Testing, etc.) can be used to examine those locations instead of examining the whole building facades. Usually, the collected thermographs collected by a thermal infrared camera is in low resolutions (lots of them are 240 by 320 pixels, but some of them can reach 480 by 640 pixels) such that the recorded scenes can only present the surface temperature information but the details of buildings cannot be completely presented. On the other hands, the digital camera can offer the details of buildings in high resolutions without the surface temperature information. Hence, the segmented image is converted to the image with the same sizes of digital images by employing geometric transformation and pixel interpretation. Then, the projected image and digital image can be combined to form a new image. The combined image contains the details of building and surface temperature information. Vese and Chan proposed the multiphase segmentation approach to segment a given image into several regions in which the pixel distributions are homogeneous by introducing two level set functions [2] . The paper employs the multiphase segmentation to classify the fused image such that the changes of surface temperature information can be identified. In doing so, the areas needed to be examined can be efficiently narrowed down.
The remainder of this paper is organized as follows. In the next section, the schematic way of the proposed approach and the related theories are introduced. Section 3 illustrates the experimental results are presented. Finally, some conclusions and related discussions are provided in Section 4.
Proposed Approach-Analyzing the Surface Temperature Information
The paper proposed an approach applying the remote sensing techniques to analyze the recorded surface temperature information of the objects such that the defect locations can be identified. Several processing procedures are introduced to analyze the surface temperature information, and they are introduced as follows. The processing procedures include the procedures of image segmentation and the combinations of the segmented image and the digital image with high resolution. The proposed whole processing scheme is illustrated in FIG. 1. Thermographs are segmented by using image segmentation. The segmented thermographs and digital images are overlaid to form a combined image to form a new image such that the new image not only contain the high-resolution details but also have the surface temperature information. Furthermore, the boundaries of the segmented regions can be identified. The defects presented in the buildings can be narrowed down to those areas whose surface temperature changes are evident. Multiphase segmentation based on finding the optimal solution of the model proposed by Mumford and Shah is widely applied to transform a complex scene into a series of homogeneous sub-regions. Mumford and Shah defined image segmentation as follows: given an image , find a set of such that the whole scene can be composed by the set of ( ) and an approximation I of such that the intensity values in I are homogeneous in each except passing through the boundaries of [3] . The model proposed by Mumford and Shah is expressed mathematically as follows: (1) where the parameters and are positive values, I is the approximation of the segmented results, C is made up of a finite set of smooth curves and is the total length of C, and is the gradient operator. In image segmentation, the segmented sub-regions are homogenous; therefore, the approximation I in each segmented sub-region can be approximated by a constant . The constant is called the regional constant. In doing so, eq. (1) can be simplified as follows: (2) Minimizing eq. (2) to find the optimal approximation is difficult because of the unknown set of C. Therefore, the implicit forms are introduced. The level sets proposed by Osher and Sethain have been widely employed in different applications. The level set functions introduce an implicit representation such that the topology of the level set functions can automatically be changed through curve evolution, including merging and breaking. For a given level set function , a given set C can be represented by the level set function by introducing the Heaviside step function such that the length of C can be given as follows [4] : (3) where H is the Heaviside step function. The Heaviside step function is defined as the value of the function and this value will be one while the parameter shown in the
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The Segmented Image Image Projection and Image Interpretation Image Segmentation function is positive; otherwise, the value of function will be zero. Based on the four-color theorem, two level set functions ( and ) are required to completely partition the whole image into a series of sub-regions. By introducing two level set functions ( and ) to represent the two curves, a whole image can be automatically partitioned into four regions: , , and . Therefore, four regional constants ( , , and ) can be introduced in the four regions, respectively. Eq. (2) can be rewritten by employing the level sets ( and ) and regional constants ( , , and ) such that the original mathematical model based on the approximation I and the set C can be replaced with level set functions and regional constants by introducing the Heaviside step function H. The rewritten model can be given as follows [2] :
The optimal approximation can be obtained as follows:
The optimal approximation of the segmented results can be found as the number of iterations increases. When the defined energy shown in eq. (4) is convergent, the optimal approximation can be located. In doing so, the optimal approximation can be composed with few regional constants such that the segmented sub-regions are homogeneous with few regional constants.
Experimental Results
Thermographs used in this experiment are collected by Thermo Gear-G120 (the product of NEC), and a series of thermographs with 240 by 320 pixels is provided. The accuracy of the measured temperature is ± 0.08℃. The original thermograph of a building façade is illustrated in FIG. 2 , and the digital image collected by the digital camera installed in Thermo Gear-G120 is shown in FIG.3 . The multiphase segmentation proposed by Vese and Chan is employed to segment the fused image. In multiphase segmentation, two level set functions are employed to implement the algorithm. Those tow level set function is illustrated in FIG. 4 . The level set function used in this paper is in a circle format, and it can be expressed in mathematics as follows:
where r is the radius of the circle. Two level set functions have the same form of eq. (6), and the only difference between two level set functions is that there are 5 pixels The optimal approximation found by applying the iteration scheme is colored according to the surface temperature information. With calculating the average temperatures of the segmented regions, the average temperatures are 29.72 ℃, 29.32 ℃, 28.64 ℃ and 27.97℃, respectively. The results are illustrated in Fig. 7 . From Fig. 7 , the surface temperature information in each region and its spatial information can be easily identified. The digital image is in 960 by 1280 pixels. With selecting several control points between the thermograph and the digital image, the relationships between the thermograph and the digital image can be established such that the low-resolution thermograph can be transferred to the image with the same resolution of the digital image. In doing so, the transferred image can be overlaid on the digital image to form a new image. The new image is illustrated in FIG. 8 . 
Conclusions
From the experimental results, the proposed approach has two advantages: the fused image not only offers the details of the building that we like to examine but also provides the surface temperature information; furthermore, the segmented regions provide temperature distributions in few types such that a complicated surface temperature distribution can be simplified. With adding the regional boundaries, the areas with large temperature differences can be located, and can be treated as the potential locations of defects showing on the building facades.
